A new lipolytic enzyme (Lipase III), which specifically hydrolyzed />-nitrophenyl laurate (P-NPL), was found in the culture broth of Penicillium cyclopium Ml. The enzyme was purified with an overall yield of 27% and crystallized by the addition of ammoniumsulfate. The crystalline preparation gave a single band on polyacrylamide gel electrophoresis. The molecular weight of the enzymewas about 110,000 by gel filtration. The enzymeconsists of two subunits identical in molecular weight (54,000), which was estimated by SDS-gel electorophoresis.
Lipases of various kinds of microorganisms
have been reported and some of the'enzymes have been highly purified and their properties have been elucidated.1~4) The enzymes show wide variations of properties in the presence or absence of surface active agents. Only a few lipases are used as diagnostic enzymes for assay of triglycerides in serum.5'6) Studying specific lipolytic enzymes for assay of triglycerides in serum, we found a new lipase (lipase III), which specifically hydrolyzes triacylglycerol only in the presence of surface active agents represented by Triton X-100, in culture broth of Penicillium cyclopium Ml.
Okumura et ai7) reported on two kinds of lipolytic enzymes, lipases I and II, produced by P. cyclopium Ml (lipases I and II predominantly hydrolyzed triacylglycerol and monoacylglycerol, respectively).
The new lipase was effectively separated from two other lipases by DEAE-Sepharose column chromatography and its properties were clearly distinguishable from those of lipases I and II.
Here, we describe the purification, crystallization, and characterization of a new lipase 41 from P. cyclopium Ml.
MATERIALS AND METHODS
Chemicals. DEAE-Sepharose CL-6B, Sephadex G-100, and the reference proteins used for molecular weight measurement were purchased from Pharmacia Fine Chemicals (Uppsala, Sweden). /?-Nitrophenyl laurate (P-NPL) and methyl oleate were from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan). Lipid serum II was obtained from Eiken Chemicals Co., Ltd. (Tokyo, Japan). Lipases from Chromobacterium viscosum and Pseudomonas FERM-P-7026 were obtained from Toyo Jozo Co., Ltd.
(Tokyo, Japan) and Toyobo Co., Ltd. (Osaka, Japan), respectively.
Glycerol kinase, a-glycerophosphate oxidase, and peroxidase were the products of Amano Pharmaceutical Co., Ltd. (Nagoya, Japan). All other chemicals were obtained from usual commercial sources and used without further purification.
Microorganism and Cultivation. Penicillium cyclopium Ml grown by the methods of Okumura et al.7) was inoculated into a jar fermentor containing 20 1 of the same medium and cultivated at 25°C for 24hr under aeration at 20 1 per min. The culture was transferred to a jar fermentor containing 500 1 of the same medium. The cultivation was done at 25°C for 42hr under aeration at 125 1 per min. Production of lipase III reached a maximumin the pH 7.0 to 7.5 region, and the enzyme gradual-ly diminished as the cultivation proceeded. After cultivation (pH of culture broth; 7.2), mycelia were removed by filtration and the resultant filtrate was used for purification of lipase III.
Assay of lipase activity. i) Lipase I. The activity of lipase I was assayed by the method of Okumuraet al?) using olive oil as substrate.
ii) Lipase II. After incubation for 15min at 37°C, the reaction was stopped by the addition of 2ml of acetone, and the absorbance was measured at 410nmagainst the blank. For a blank, enzyme was added after the addition of acetone. b) Olive oil emulsion method. The reaction mixture containing l ml of olive oil-5% Triton X-100 emulsion in 50mMpotassium phosphate buffer, pH 6.5, and 0.1 ml of the enzyme solution was incubated for 15 min at 37°C. The reaction was stopped by the addition of2.5 ml of acetoneethanol mixture (1 : 1, v/v). Free fatty acid liberated was titrated with 50mMKOH. iv) Lipase from Chromobacterium. The activity of a lipase from Chromobacterium (lipase C) was assayed using olive oil (emulsion with Triton X-100) as substrate at pH 7.0. v) Lipase from Pseudomonas. The activity of a lipase from Pseudomonas (Lipase P) was assayed using olive oil (emulsion with Adekatol SO-120) as substrate at pH 8.0. One unit of activity of lipases I, C, P, II, and III was defined as the amount of enzyme that liberated one micromole of fatty acids and /?-nitrophenol from olive oil, methyl oleate, and /?-NPL, respectively, per min. Specific activity was expressed as units per milligram of protein.
Measurementofprotein. Protein was spectrophotometrically measured by the absorbance at 280nm. An A\^m value of 10 was used throughout this study.
Assay offatty acids. The fatty acids liberated in the reaction mixtures were measured by titration with 50 mM KOHusing phenolphthalein as indicator.
Measurement of triglycerides in serum. Triglycerides in serum were measured by the amounts of quinoneimine dye based on the formation of H2O2as follows, unless otherwise stated. The standard reaction mixture (1.0ml) containing 5units of lipase III, 0.5unit of glycerol kinase, 4 units of a-glycerophosphate oxidase, 2 units of peroxidase, 3.3 umo\ ofadenosine-S'-triphosphoric acid, 0.5 amol of4-aminoantipyrine, 2 |imol of sodium A^-ethyl-Ar-(2-hydroxy-3-sulfopropyl)-ra-toluidine, 2/imol of MgCl2 6H2O and 0.1% Triton X-100 in 0.1m PIPES-KOH, pH 6.5, was incubated at 37°C for 5min. The reaction was started by the addition of 0.01ml of serum and followed by measuring the absorbance at 555nm
against a blank at 37°C for lOmin by Shimadzu UV-250 spectrophotometer with a 1-cm light path. For a blank, serum was replaced by water.
Molecular weight measurement. The molecular weight was measured by gel filtration on a column (2 x 90cm) of Sephadex G-100 by the method ofAndrews.8) The crystalline enzyme and the reference proteins, aldolase (mol. wt. 158,000), bovine serum albumin (mol. wt. 68,000), egg albumin (mol. wt. 45,000), chymotrypsinogen A (mol. wt. 25,000), and cytochrome c (mol. wt. 12,500) were put on the column after it had been equilibrated with 10mM
potassium phosphate buffer, pH 7.0, containing 0.1 m NaCl. The molecular weight of the subunit was estimated by SDS-gel electorophoresis by the method of Weber and
Osborn.9) The enzyme was dialyzed against 10mM potassium phosphate buffer, pH 7.0, and then denatured by treatment with 1% SDS solution containing 2-mercaptoethanol at 100°C for 5min.
Isoelectricfocusing. The isoelectric point of the enzyme was identified with a LKB (Bromma, Sweden) isoelectric focusing apparatus. LKBampholines, pH 3~10 range, was used at 1 %concentration with a sucrose gradient. The focusing was done for 2 days at 400 V at 4°C. Two-ml fractions were collected, and the pHswere measuredat 4°C.
RESULTS
Purification of lipase HI As lipase III was effectivelly separated from lipases I and II by DEAE-Sepharose column chromatography (Fig. 1) , the enzyme was purified as follows. Throughout purification, all subsequent operations were done at 0~5°C and potassium phosphate buffer, pH 6.5, was used, unless otherwise stated.
Step 1. Ammoniumsulfate fractionation.
The filtrate (500 1) was concentrated to 50 1 by ultra filtration and then solid ammoniumsulfate (25.8kg) was added to yield 75% saturation. The resultant precipitate was collected by centrifugation and then dissolved in 10 mM buffer.
Step 2. DEAE-Cellulose treatment. To the enzyme solution deionized by ultra filtration to , absorbance at 280nm; --, conductivity.
a conductivity of 3mmho, DEAE-cellulose (wet wt., 1.5 kg) equilibrated with 10 mMbuffer was added, then stirred overnight. The DEAEcellulose was washed twice with 10 1 of lOmM buffer. Lipase III was eluted twice with 10 1 of lOmMbuffer containing 0.3 m NaCl.
Step 3. Ammonium sulfate fractionation.
The eluate was brought to 55%saturation with ammoniumsulfate. After the resultant precipitate had been removed by centrifugation, ammoniumsulfate was added to the supernatant solution to 75% saturation. The resultant precipitate was dissolved in lOmM buffer and then deionized by ultra filtration to a conductivity of 3 mmho.
Step 4. DEAE-Sepharose column chromatography. The enzymesolution was put on a DEAE-Sepharose column (5.5 x 30cm) equilibrated with 10mMbuffer. After the column was washed with lOmM buffer containing 0.1 m NaCl, the enzyme was eluted with linear gradient formed of 10 mMbuffers containing 0.1 and 0.3m NaCl (each 2.51). The active fractions were collected and then concentrated by ultra filtration.
Step 5. Hexyl-Sepharose column chromatograpy. The concentrated eluate was fractionated with ammonium sulfate under the same conditions as step 3. The resultant precipitate was dissolved with 10him buffer and then deionized by ultra filtration to a conductivity of 3 mmho. The preparation was put on a Hexyl-Sepharose column (5.5 x25cm) equilibrated with 10 mMbuffer and the column was washed with 10 mMbuffer containing 1.0 m NaCl. The enzyme was eluted with 10mM buffer containing 1.0m NaCl and 0.5% Triton X-100. The active fractions were collected and then concentrated by ultra filtration, and dialyzed against 5 mMbuffer.
Step 6. Hydroxyapatite column chromatography. The dialysate was put on a hydroxyapatite column (4.6x 15cm) equilibrated with 5mMbuffer, pH 6.0. After the column was washed with 0.1m buffer, pH 6.0, the enzyme was eluted with a linear gradient formed of 0.1 and 0.5m buffers, pH 6.0 (each 1 1) . The active fractions were collected and then concentrated by ultra filtration.
Step 7. Gel filtration on Cellulofine GC-700. The concentrated enzyme solution was put on a Cellulofine GC-700 column (5.5 x 90cm) equilibrated with 50mM buffer. The active fractions were combined and then concentrated by ultra filtration.
Approximately 1380-fold purification was achieved with an overall yield of 27%. A summary of the purification procedure is shown in Table I .
Crys talliza tion
To the concentrated purified enzyme solution, solid ammoniumsulfate was gradually added until the solution became slightly turbid. On standing for about 2 weeks, crystals in the form of plates formed without an increase in the specific activity (Fig. 2) . The crystalline enzyme gave a single band on polyacrylamide gel electrophoresis. Substrate specificity Sometriacylglycerols were tested to investigate the substrate specificity of lipase III in the presence of Triton X-100 (Table II) . Triolein, tricaprin, and tricaprylin were effectively hydrolyzed by lipase III. Trimyristin, tripalmitin, trilaurin, tricaproin, and tributyrin were also hydrolyzed by lipase III, but their reaction rates were not high compared with that of triolein.
Molecular weight and isoelectric point The molecular weight of the enzyme was approximately 110,000 by gel filtration on Sephadex G-100 (Fig. 3) . The subunit stfuc- ous pHs and temperatures. The enzymeshowed maximum activity at around pH 6.0 (Fig.  4 ) and the optimum temperature was about 40°C. The enzyme was stable in the pH range from 4.5 to 6.0, after incubating at 37°C for 30min, but not stable in alkali.
Effects of surface active agents
Triglycerides in serum were assayed by the conditions described under Materials and Methods, except that lipase 1 (12 units), lipase II (4 units), and lipase III (5 units) were used as enzymein the presence or absence of Triton X-100. Lipases I and II scarcely hydrolyzed triglycerides in serum in the presence or absence of Triton X-100. Lipase III also scarcely hydrolyzed triglycerides in serum in the absence of Triton X-100, but rapidly hydrolyzed triglycerides in serum in the presence of 0.1% Triton X-100 (Fig. 5) . The reaction rate with lipase III did not decrease at high concentrations of Triton X-100 ( Fig. 6-A) . When triglycerides in serum (100~600mg/dl of serum) were assayed with 5 units of lipase III, the reactions reached equilibrium within 5 min, and linear relationships between absorbance at 555 nm and the concentrations of triglycerides in serum were good (Fig. 7) . The same effects of surface active agents were also found with Adecatol NP-700 and Adecatol SO-135. (Activity of lipases I and II using /?-NPL as substrate was less than 1% relative to that using olive oil and methyl oleate as substrate, respectively), ii). Lipases I and II scarcely hydrolyzed triglycerides in serum in the presence or absece of Triton X-100, but lipase III rapidly hydrolyzed triglycerides in the presence of Triton X-100 (Fig. 5) Materials and Methods, except that lipases III (3.5 units), C (5.0 units), and P (0.5 units) were used as enzyme. The rate of formation of glycerol by the same reaction was assayed by the standard assay method of triglycerides, except that the supernatant was used instead of serum, after the reaction of olive oil emulsion was stopped with 0.13m TCAand the precipitate formed was discarded by centrifugation, and lipase III was removed from the standard reaction mixture. Lipase III rapidly released glycerol from olive oil than lipases C and P; The rates of formation of glycerol from olive oil compared with that offatty acid from olive oil by lipases III, C, and P were 0.26, 0.008, and 0.018, respectively. These results suggest that lipase III rapidly hydrolyzes the /?-position of triglycerides at the almost same speed as the a-and a'-positions of triglycerides, but the rate of hydrolysis of the /?-position of triglycerides by lipases C and P are slower than that of the a-and a'-positipns of triglycerides.
Whentriglycerides in serum were assayed by the conditions described under Materials and Methods, except that lipases III, C, and P were used as enzyme, and Triton X-100 (0, 0.1 and 0.5%) was used as surface active agent, lipase III rapidly hydrolyzed triglycerides in serum in the presence of 0.1 and 0.5% Triton X-100, but the rate of hydrolysis of triglycerides by lipases C and P decreased at high concentrations of Triton X-100 (Fig. 6 ). These 47 results suggest that lipase III is useful to assay of triglycerides at high concentrations of surface active agent. In general, various kinds and concentrations of surface active agents are used to dissolve chyle in serum, when triglycerides in serum are assayed. Therefore, lipase III was more useful as a diagnostic enzymein the assay of triglycerides in serum than other lipases. The clinical applications and enzymatic properties of lipase III are now under investigation in detail.
